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Abstract 
Since mid-2006, RWE Power has been planning the construction of a coal-based demonstration power plant with 
carbon capture, transport and storage. A combined-cycle gas turbine plant with integrated coal gasification (IGCC) 
was chosen as the power plant technology to be used. The use of a modern gas turbine of the F class enables the 
plant to achieve a gross electric capacity of approx. 450MW. The separated CO2 is to be stored safely over the long 
term in deep saline aquifers. The first grid connection is due to take place at the end of 2014/start of 2015. 
As regards the power plant, a feasibility study was conducted to analyze and evaluate the technologies available in 
the process chain, decide on a technical concept, and establish the technical and economic parameters of the process. 
As far as CO2 transport & storage is concerned, regional screening is about to be completed and the potential storage 
sites are being evaluated in-depth with respect to seismic data interpretation, lithology, and structure. 
This presentation will outline key findings and results of this phase for both the power plant and transport & storage 
and present the next steps to be taken in the execution of the project. In light of a market situation characterized by 
high capacity utilization of potential contractors and an extraordinary rise in investment costs this aspect is currently 
very important. Another basic prerequisite needed for the project to proceed according to schedule is the 
establishment of a European and national regulatory framework for carbon transport and storage by mid-2009.  
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1. Introduction 
Innovative coal technologies are as indispensable to preventive climate protection as coal is to satisfying the 
world's thirst for energy. With its Clean Coal Power strategy, RWE faces the challenge of preventing climate change 
and is now introducing further elements of this strategy. In this respect, carbon capture and storage (CCS) play a key 
role if CO2 reductions more substantial than is possible by merely increasing efficiencies are to be achieved.  
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If this vision is to become reality, expertise, great commitment and a high willingness to take risks are required to 
implement a technological quantum leap.  
The development of coal-fired power plants with CCS strengthens Germany's position as a technology leader, 
secures export potential for manufacturers and jobs in industry. The 450 MW IGCC/CCS project is part of RWE's 
overall strategy aimed at developing and implementing Clean Coal Power (Fig. 1).  
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Figure 1: RWE´s clean coal power strategy 
 
On a broad basis – in line with the energy mix in the generation portfolio – innovation lines with different 
horizons are being pursued both for lignite and hard coal. 
RWE has recently launched a large-scale renewal programme for coal- and natural gas-based power plants that 
involves using cutting-edge technology to increase efficiency for the sake of climate protection. Examples for the 
use of coal are the BoA 2/3 new-build projects at the Neurath power plant and the two hard coal-fired twin units at 
the Westfalen power plant and in Eemshaven in the Netherlands. The total new-build capacity based on coal 
amounts to 5,400 MW with corresponding capital costs of €6 bn. Each year, carbon emissions are reduced by 
15 mill. t in these projects alone.  
In a second horizon, RWE is developing technologies in collaboration with partners that permit efficiencies to be 
further increased beyond today's high level. The focus is on demonstrating the WTA (lignite pre-drying) technology, 
which was developed by RWE to dry moist lignite on the prototype plant at BoA 1 in Niederaussem and on the test 
plant for the 700°C technology; both lines of development allow a further efficiency increase of approx. 4% points. 
For these projects, RWE Power will expend approx. €60 million.  
The 450-MW IGCC/CCS project, which will be described in the following, is the most outstanding endeavour of 
the third horizon, focusing on the capture and storage of the CO2 emitted by fossil-fired power plants. In parallel, 
we will develop CO2 scrubbing technologies for conventional power plants in pilot plants with the primary goal of 
retrofitting advanced power plants to achieve a substantial cut in carbon emissions. 
The overall aim of RWE's Clean Coal Power Strategy is the continuous renewal of the power plant fleet using 
state-of-the-art technology that ensures both competitiveness and security of supply while protecting the climate, 
thus making RWE's generation business fit for the future.  
  
2. Project Status 
Following the project announcement in 2006, its concept was developed and specified in all process areas and its 
viability verified. RWE Power – which is responsible in the Group for electricity generation in continental Europe – 
was in charge of power plant matters, while RWE Dea, which is responsible for the exploration and production of 
crude oil and natural gas, worked on the CO2 pipeline and storage facility. This work went hand in hand with our 
y
RWE’s Clean Coal Power Strategy
For today
Power plant portfolio: continuous renewal
Construction of highly
efficient power plants;
2,200 MW raw lignite, 
3,200 MW hard coal
For the day after tomorrow
450-MW IGCC carbon capture & storage plant
PCC development for conventional power plants
Lignite pre-drying (WTA prototype)
For tomorrow
700°C test plants
Commercial use
616 W. Renzenbrink et al. / Energy Procedia 1 (2009) 615–622
 Werner Renzenbrink/ Physics Procedia 00 (2008) 000–000  
intensive efforts to establish the necessary underlying conditions, such as a regulatory framework for the treatment 
of CO2 and a communication concept for informing authorities and the public. In the following, the current status 
will be presented. 
2.1. Power Plant 
Figure 2 shows the key components of the power plant based on the IGCC (Integrated Gasification Combined 
Cycle) technology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Main process features of the IGCC demonstration plant 
 
Rhenish lignite from our own opencast mines serves as the fuel. In a first process step, its moisture content is 
reduced from approx. 55% to 12% using RWE's own WTA drying technology. Subsequently, the lignite is ground 
by roller mills according to gasification requirements. An entrained-flow gasifier with a dry lignite inlet and a 
thermal capacity of approx. 1,000 MW, operated at a pressure of approx. 40 bar, is employed for gasification. The 
hot, CO/H2-rich raw gas is quenched to approx. 200°C using water. The resulting high portion of steam is used in 
the subsequent shift stage to convert the CO into more hydrogen and CO2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Key performance data of the 450 MW IGCC/CCS plant 
 
 
> Fuel: Rhenish raw lignite
> Coal drying & milling: WTA technology plus roller mill
> Gasification: Quench gasifier (~ 1,000 MWth, 40 bar)
> Gas treating: Sour shift, H2S/CO2 unit, Claus, compression
> Gas conditioning: Dilution with N2, H2O
> CCPP: F class technology; diffusion burner
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The hydrogen-rich gas left over after the H2S/CO2 separation process is conditioned with N2 from the air 
separation unit and if necessary with steam to create moderate combustion conditions and meet the legal 
requirements for NOX values. The conditioned fuel gas is used to generate electricity in the CCPP unit. The capacity 
of the gas turbine (F class), which has a share of approx. 300 MW in the total electricity generation capacity of 
450 MW, determines the capacity of the overall process. Thus, the process design largely corresponds to the concept 
of the HTW (high-temperature Winkler) demonstration plant that RWE already operated on an industrial scale from 
1986 – 1997 to produce synthesis gas/methanol from lignite. The essential technical challenges of the new project 
consist in demonstrating the interaction of all individual processes and achieving normal power plant availability.  
The gross efficiency of the overall plant (Fig 3) is 48.5% (LHV) and thus lower than that of a conventional IGCC 
plant. This is mainly due to conversion losses caused by the CO shift and the separation of CO2 otherwise used as an 
additional working medium in the gas turbine. Taking into account auxiliary electric power requirements, the plant 
has a net capacity of 320 MW and a net efficiency of 34% (LHV). The carbon capture rate is calculated at 92%. We 
have decided to erect the IGCC/CCS power plant at the Goldenberg power plant location near Cologne (Fig 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Plant site Goldenberg/Cologne 
 
The location thus resumes of RWE/Rheinbraun's earlier gasification activities in connection with the 
development of HTW gasification and it is already connected with our large lignite opencast mines via railway. 
2.2. CO2 Pipeline and Storage 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: CO2  Pipeline 
 
As a result of our feasibility study regarding transport of CO2, pipeline is the best and most secure way to 
transport CO2, delivered from a continuous industrial process. Due to the fact that the nearest feasible storage 
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options are located in the northernmost Federal States, one of our challenges within this project, is the length of this 
pipeline. The pipeline will have a total length of approximately 530 km and will start at the power plant located in 
Goldenberg, cross three Federal States – NRW, Niedersachsen and Schleswig-Holstein – and will end in the 
northern part onshore (Fig. 5). Though, it is not planned to install a booster station. This means the pipeline will 
transport CO2 in a high pressure regime. Inlet pressure will be approximately 200 bar – decreasing to 90 bar at the 
storage location. The diameter of the pipeline depends on pressure regime and flow rate of CO2. By using a 16 inch 
diameter, we are able to transport 2.8 MM tons per year. Regarding the basic principles of spatial planning, we try to 
use existing pipeline routes to reduce influences through industry to public space.  
Another major challenge in the pipeline project is the public acceptance. So the project has to watch carefully the 
public outreach and observe trends and discussions in the public. Also it is important to act proactive towards the 
public. A concept for communications is already developed, even in this early state.  
2.3. CO2 Storage 
To find a suitable location for save storage of CO2, RWE Dea investigated the geology of the northern part of 
Germany (yellow marked area in the picture of Figure 6). Criteria for suitable storage locations were: 
- Depth between 1000m and 4000m to keep CO2 in specific pressure and temperature conditions. 
- Area with low tectonic impacts 
- Sufficient seal, injectivity and capacity of the storage reservoir 
- Preferred trapping system: Anticline/Syncline combination 
- Salt structures shown as blue spots in the picture  
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       Figure 6: CO2 Storage sites 
 
Adequate reservoirs closest to the Rhenish Revier were found especially in northern Federal States. The technical 
accessible storage potential of the mentioned (yellow) study area in total is approximately 20 Gt. This means that a 
considerably infrastructure, including pipelines and injectors has to be installed to access this total amount of 
potential.  
 
2.4. Regulatory framework 
The CCS draft directive, issued by the EU at the start of 2008, in our opinion constitutes an important and 
positive basis for the next steps to be taken. The draft is due to be adopted at the end of 2008. Subsequently the 
directive has to be transposed into national law. We rely on this transposition to be completed within the current 
legislative period by mid-2009 to be able to keep to the project schedule. The following important requirements 
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have to be fulfilled by a regulatory framework from the point of view of operators: 
- The experience gained from demonstration projects has to be taken account of in the regulatory framework 
- Accelerated planning and building law for CO2 pipelines 
- Financial guarantees for stored CO2 have to be adequate, risk-dependent and time-limited 
- Financial support of the Federal Government in constructing a pipeline infrastructure 
2.5. Important steps for implementation 
With regard to the power plant, which we divide into the two main working sections ‘gas island’ and ‘power 
island’, work currently focuses on the selection of contractors for the PDP and FEED phase including approval 
planning. After the power plant, the pipeline and the storage facility have been approved – which is a prerequisite 
for taking the final investment decision – we will invite tenders for and award the EPC contracts. 
With regard to the pipeline, the first important step in the approval procedure – namely the regional planning 
procedure – has just begun. After the second essential process, i.e. the formal public planning procedure, has been 
completed, construction can begin. As far as the storage facility is concerned, the exploratory phase comprising 
planned seismic investigations of preseletcted storage sites started in March 2008. Exploratory drilling is planned for 
2009/2010. 
Provided that a regulatory framework is developed in time and that the approval procedure duration is 
appropriate, commissioning of the project can start at the end of 2014/the start of 2015. 
3. Costs and Commercial Perspective 
3.1. Capital Costs 
Figure 7 shows the absolute amount and structure of the capital costs of the overall project following the 
completion of the feasibility studies conducted in mid-2008. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Capital Costs of the Demonstration Plant  
 
The calculated costs are based on budgetary estimates provided by manufacturers for important plant units and on 
our own estimates for the balance of plant. The costs have been calculated on the basis of prices in 2008 in nominal 
terms, with an estimate accuracy of ±25 %. The total capital costs of €2,120 mill. are thus far above the €1,000 mill. 
mentioned in the initial project announcement.  
This considerable increase in cost may be attributed mainly to the following causes: 
- A longer pipeline (approx. €200 mill.) 
- The general development of capital costs in the energy industry 
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3.2. Electricity Generation Costs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Electricity generating costs 
 
The high capital costs have a corresponding effect on the electricity production costs of the demonstration plant. 
Figure 8 explains the structure and cost shares, which amount to a total of  €125/MWh.  
The power plant accounts for about 80% of the total costs. The pipeline and storage facility are estimated to 
constitute about 20%. At 60%, the capital costs make up the largest share of the total costs; hence the most 
important field for reducing the costs of future large-scale plants has been identified.  
The costs have been calculated on the basis of an annual operating period of 7,500 h taking account of a learning 
curve in the first three years of operation, the use of Rhenish lignite, and the aforementioned technical performance 
of the plant. To be better able to estimate profitability, these figures are juxtaposed with the electricity prices for 
forwards (base load, 2009), which are currently traded for €70 - 80/MWh. 
These figures confirm the typical “economic gap” of demonstration plants compared with commercial power 
plants. 
A key driver of this effect are the high specific costs caused by the relatively low capacity of a demonstration 
plant, the plant concept that has yet to be optimized on the basis of the operational experience gained, and limited 
availability in particular during the start-up phase due to the unavoidable occurrence of “teething troubles” that have 
to be dealt with. Hence, an economic operation of the plant is not possible. 
On the other hand, widespread commercial use before the suitability of this technology has been proven is 
irresponsible. For us to commit ourselves to a costly demonstration project given this situation, the following 
requirements must be met: 
- Prospect of bridging the economic gap in future large scale plants 
- Financial support by cooperations with industrial partners and/or research funding 
 
The economic viability of the IGCC/CCS route was investigated by RWE Power as part of a separate study of 
large-scale plants. In addition to scale-up options for the various units in the process chain, cost reduction leverage is 
provided in particular by the future plant size and the implementation of learning effects gained in demonstration 
operation. Large-scale plants will presumably have even higher individual train capacities and be designed as a 
modular system based on a multi-train concept. This results especially in engineering savings, which today makes 
up some 20% of the capital costs of a demonstration power plant. In addition, we expect extensive optimizations and 
standardizations, and improvements regarding reliability, availability and maintainability (RAM) as a result of the 
experience gained in demonstration operation.  
The widespread commercial use of CCS technology will require the construction of a pipeline infrastructure and 
lead to a further significant reduction in specific costs. The capex level of large-scale plants constructed after 2020 
remains unpredictable. The large-scale plant study conducted by us assumed that the capital cost level remains 
unchanged compared with 2008. 
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Tapping the above-mentioned cost reduction potentials has a decisive effect on electricity generation costs.    
Fig.  9 shows that future large-scale IGCC/CCS plants will reach a level of €80/MWh.  
By comparison, a conventional steam power plant equipped with cutting-edge technology has to buy a larger 
amount of emission allowances since it is operated without CCS. The electricity generation costs of this power plant 
are at the same level as those for the IGCC/CCS, resulting in avoidance costs of €46/t (See calculation shown in Fig. 
9). In case of higher allowance prices, the CCS technology is economically superior to conventional technology.  
The assumptions regarding expected carbon prices are understandably very uncertain. According to [1], for 
instance, a range of €35-50/MWh is specified for early full commercial-scale CCS projects, while prices in the 
mature commercial phase are expected to be in the range of €30-45/MWh. 
This indicates that large-scale IGCC/CCS plants are basically viable, which justifies their further development. 
The high costs and risks of the demonstration plant nevertheless have to be dealt with. Thus, RWE Power is seeking 
financial support by cooperations with industrial partners and/or by research funding.        
 
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Commercial perspectives of future large-scale powerplants 
 
4. Conclusion 
 
RWE is working hard to promote the project in all fields. The key factors for succesful implementation are: 
 
Costs and profitability: 
- Commercial large-scale IGCC/CCS plants can be economically self-sustaining. 
- The high costs and risks of the demonstration plant require financial support. 
 
Regulatory framework:  
- Viable regulations must be developed as quickly as possible 
 
Acceptance:  
- Public awareness and support require a comprehensive 
communication concept and political support.   
 
We rely on the commitment of all those involved to demonstrate the climate-friendly use of coal. 
____________ 
[1] Carbon Capture & Storage: Assessing the Economics, McKinsey  Company, 2008 
*) Discounted average costs in today’s monetary value (position: 2008)
Electricity generation costs in €/MWh*
125
80 81
41 Allowances
5 Allowances
70 - 80
First IGCC/CCS
plant
Future large-scale
CCS plants
Dry lignite-fired PP
(700°C) without CCS
Market perspective
Forwards 2009
CO2 avoidance costs
approx. 40%
2
2
CO/t€46
/MWhCOt0.1)-(0.85 
€/MWh41)(815)(80   
622 W. Renzenbrink et al. / Energy Procedia 1 (2009) 615–622
